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A method of calculating electrical interactions of circuit ele 
ments in an integrated circuit layout Without ?attening the 
entire database that describes the layout. In one embodiment, 
a hierarchical database is analyzed and resistance and capaci 
tance calculations made for a repeating pattern of elements 
are re-used at each instance of the repeated pattern and 
adjusted for local conditions. In another embodiment, a cir 
cuit layout is converted into a number of tiles, Wherein the 
resistance and capacitance calculations made for the circuit 
elements in the center and a boundary region of the tiles are 
computed separately and combined. Environmental informa 
tion that affects electrical interaction between circuit ele 
ments in different levels of hierarchy is calculated at a loWer 
level of hierarchy so that such calculations do not need to be 
made for each placement of a repeated cell and so that not all 
interacting elements need to be promoted to the same hierar 
chy level to compute the electrical interactions. 
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HIERARCHICAL FEATURE EXTRACTION 
FOR ELECTRICAL INTERACTION 

CALCULATIONS 

FIELD OF THE INVENTION 

[0001] The present invention relates to veri?cation tech 
niques for integrated circuit designs. 

BACKGROUND OF THE INVENTION 

[0002] In the ?eld of semiconductor manufacturing, physi 
cal descriptions of microdevice layouts are generally repre 
sented using data formats such as GDSII. In this representa 
tion, individual circuit elements are represented by polygons, 
Which are typically described as a sequence of vertices. The 
circuit elements placed in the various physical layers in the 
device are represented by data layers in the description. 
Related groups of device elements on various layers can be 
combined in a description of a subset of the layout, often 
called a cell. In turn, cells can contain other, smaller cell, orbe 
contained in larger cells. The organiZation of cells (each of 
Which can contain data for multiple layers) into a tree struc 
ture is often called the hierarchy of the device. 

[0003] It is clear that a hierarchical representation can rep 
resent an entire layout With greater compactness than a rep 
resentation With no hierarchy, also called a ?at representation. 
Products that import layout ?les for veri?cation such as Cali 
bre® from Mentor Graphics Corporation, the assignee of the 
present invention, strive to retain as much of the original 
hierarchy as possible, and can in some cases reorganize the 
hierarchy or create additional levels of hierarchy for addi 
tional data compactness. An e?icient hierarchical database 
can signi?cantly reduce the siZe of the ?le required to 
describe the microdevice layout. 
[0004] In many instances, a circuit as designed on a com 
puter Will not perform as anticipated due to capacitances that 
occur betWeen the physical microelectronic elements that 
comprise the circuit as Well as the small but measurable 
resistance of these elements. To ensure that the circuit Will 
operate properly, it is necessary to model these capacitances 
and resistances and to make appropriate changes to the layout 
prior to fabricating the device. Parasitic plate capacitances are 
created due to the area of a circuit element and its distance to 
the circuit’s substrate. Parasitic fringe capacitances are those 
capacitances betWeen the vertical sides of a circuit element 
and a substrate. Capacitances occurring betWeen circuit ele 
ments on the same layer of the circuit are referred to as “near 
body” capacitances and capacitances occurring betWeen cir 
cuit elements on different layers of the circuit are called 
crossover capacitances. 

[0005] A conventional method of modeling these capaci 
tors is to ?atten a hierarchical database, i.e. to analyZe a 
database that includes a complete description of every circuit 
element to be created in the circuit. HoWever, such an 
approach can create extremely large ?les and therefore 
require a large amount of memory and computer time to 
analyZe. In addition, because many elements of a circuit are 
repeated throughout a layout, computing the capacitances 
and resistances of the circuit elements often means that such 
calculations must be repeated regardless of the fact that cal 
culations for the same element at a different location in the 
layout have already been performed. 
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[0006] Given these problems, there is a need for a system 
and method that reduces the time required to model the 
capacitances and resistance of circuit elements in an inte 
grated circuit design. 

SUMMARY OF THE INVENTION 

[0007] The present invention is a method and system for 
extracting electrical interaction information such as capaci 
tances and resistances of circuit elements of an integrated 
circuit to be modeled by a circuit analysis program. 
[0008] In one embodiment of the invention a hierarchical 
database is analyZed to calculate the resistance and capaci 
tance(s) of circuit elements Within a cell. If the cell is repeated 
in the layout, the computed resistance and capacitance(s) 
calculated for the cell may be re-used and adjusted for local 
conditions if necessary. 
[0009] In another embodiment of the invention a circuit 
layout is converted into a number of subsets or tiles. The 
resistance and capacitance(s) of the elements that may inter 
act With elements on adjacent tiles are processed separately 
from those circuit elements that do not interact With circuit 
elements in other tiles. The resistances and capacitances com 
puted for all circuit elements of the layout are combined in a 
netWork to be modeled by a circuit analysis program. 
[0010] Another aspect of the invention is a technique for 
calculating the electronic interactions of elements that inter 
act With elements in more than one level of hierarchy. Mea 
surements of the environment of a circuit element are made at 
a loW level of hierarchy to avoid having to repeat the mea 
surements at a higher level or promote every element that 
interacts With the circuit element Whose electronic interac 
tions are being determined. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily appre 
ciated as the same become better understood by reference to 
the folloWing detailed description, When taken in conjunction 
With the accompanying draWings, Wherein: 
[0012] FIG. 1 schematically illustrates a portion of an inte 
grated circuit and some of the capacitances that are formed 
betWeen elements and/ or a circuit substrate; 
[0013] FIG. 2 is a plan vieW ofthe circuit layout of FIG. 1 
and illustrates a number of repeated circuit elements or cells; 
[0014] FIG. 3 illustrates hoW the circuit layout shoWn in 
FIG. 2 can be represented hierarchically; 
[0015] FIGS. 4A-4E are ?oWcharts illustrating one imple 
mentation of a capacitance and resistance extraction method 
in accordance With the present invention; 
[0016] FIGS. 5A-5E graphically illustrate hoW acts shoWn 
in FIGS. 4A-4E extract the resistances and capacitances from 
the circuit elements de?ned in a hierarchical database; 
[0017] FIGS. 6 and 7 graphically illustrate another imple 
mentation of a resistance and capacitance extraction method 
in accordance With the present invention; and 
[0018] FIG. 8 is a ?owchart illustrating a series of acts 
performed to extract resistance and capacitance information 
as shoWn in FIGS. 6 and 7. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] FIG. 1 is a simpli?ed representation of a cross 
section of a portion of an integrated circuit. An integrated 
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circuit 10 includes a substrate 12 and a number of conductive 
circuit elements, formed in layers above the substrate 12. 
Many of the features or elements, such as those labeledA and 
B are repeated in the integrated circuit. Other elements, such 
as that labeled D, may appear only once in the circuit layout. 
[0020] As Will be appreciated by those skilled in the art of 
circuit design and modeling, capacitances may be created 
betWeen the circuit elements due to their area and the physical 
proximity to one another. When not blocked by an intervening 
element, each element in the circuit may have a plate capaci 
tance betWeen it and the substrate 12. For example, element 
16 has a plate capacitance 18 that can be modeled as a capaci 
tor connected betWeen the loWer surface of the element 16 
and the substrate 12. In addition, the vertical edges of each 
element create fringe capacitances betWeen the element and 
the substrate. An intrinsic fringe capacitance 20 is modeled as 
a capacitor connected betWeen one edge of element 16 and the 
substrate 12. 
[0021] In addition to the capacitances that occur betWeen a 
circuit element and the substrate, the circuit elements may 
have crossover capacitances occurring betWeen themselves 
and circuit elements on another layer of the integrated circuit. 
For example, an element 22 has a crossover plate capacitance 
24 betWeen itself and an element 26 located beloW it in the 
layout. In addition, a crossover fringe capacitance 28 can be 
modeled as a capacitor connected betWeen the edge of the 
element 22 and the element 26. Finally, circuit element 22 has 
a near body capacitance 30 that is modeled as a capacitor 
connected betWeen it and a neighboring element 32 in the 
same circuit layer or another circuit layer. 
[0022] In order to verify the design of an integrated circuit, 
the electrical properties of the capacitances of the circuit 
elements as Well as their resistances are extracted from the 
design and analyZed by a circuit analysis program to make 
changes to the layout if necessary. 
[0023] FIG. 2 illustrates hoW the circuit elements shoWn in 
FIG. 1 can be represented as a device layout in a computer. 
Each of the circuit elements A, B, and D shoWn in FIG. 1 is 
represented in a database as a polygon describing the siZe and 
location of each element. 
[0024] Because some of the circuit elements in the layout 
are repeated (elements A and B in the present example), 
descriptions of these polygons need not be provided for each 
instance of the repeated circuit element. Rather, the database 
can be de?ned hierarchically, Whereby repeated polygons 
need only be de?ned once and the database can refer to the 
single de?nition along With an indication of Where the 
repeated polygons are placed in order to conserve memory 
and increase the speed of processing the database. 
[0025] FIG. 3 illustrates one Way in Which the layout shoWn 
in FIG. 2 can be represented hierarchically in a computer 
system. In the example shoWn, a pattern of repeated elements, 
called a cell, need only be de?ned once in the database. In the 
example shoWn, a cell Q includes tWo polygons that represent 
the circuit elements A and B. Therefore, the de?nition for the 
polygons in this cell can be de?ned in a level Q of the data 
base. A cell P of the database includes a circuit element D as 
Well as three instances ofcell Q (i.e., Q1, Q2, and Q3). There 
fore, the level P of the database need only include a de?nition 
of the polygon corresponding to circuit element D and a 
reference to cell Q as Well as an indication of Where the three 
instances of cell Q are to be placed. Cell P is referred to as a 
parent of cell Q because cell P references one or more 
instances of cell Q. 

Sep. 2, 2010 

[0026] Although the database shoWn in FIGS. 2 and 3 only 
includes tWo cells and tWo levels of hierarchy, it Will be 
appreciated that in an actual circuit layout, a database may 
include many hundreds of cells and levels of hierarchy in 
accordance With the complexity and repeated nature of the 
devices to be created in the integrated circuit. 
[0027] FIGS. 4A-4E illustrate a series of acts performed in 
accordance With one implementation of the present invention 
in order to extract capacitances and resistances of the circuit 
elements in order to model the device prior to fabrication. By 
taking advantage of the hierarchical nature of the layout 
description, the number of times the capacitance and resis 
tance calculations need to be made for each circuit element 
can be signi?cantly reduced. By calculating the capacitances 
and resistances for a repeated circuit element, the calculations 
can be reused for each placement of the circuit element or 
used as a starting point in order to adjust for local variations 
occurring at each placement. Although the acts performed by 
this implementation of the invention as set forth beloW are 
described in a particular order for ease of explanation, it Will 
be appreciated that the acts may be performed in other orders 
or that equivalent acts may be performed to achieve the 
desired resistance and capacitance information. 
[0028] Referring noW to FIG. 4A, the process of estimating 
or extracting the capacitances and resistances of a layout 
begins at a block 100, When a layout database is received or 
created by a computer system from a stream of GDS II data. 
The database de?nes a number of polygons, each of Which 
represents a circuit element to be created in the device. Pref 
erably, the database is de?ned in a hierarchical manner, 
Whereby repeated patterns of polygons are de?ned in separate 
levels of the database and instances of the repeated cells are 
referred to indirectly rather than being rede?ned at each 
instance. If the database received is not hierarchical in nature, 
it is preferred that the database be arranged in a hierarchical 
fashion prior to calculating the resistances and capacitances 
in accordance With this implementation of the present inven 
tion. 

[0029] At a block 102, a computer system, Which may be 
either a stand-alone or distributed system, having one or more 
processors executes a sequence of programmed instructions 
that are stored in a memory or read from a computer readable 
media such as a CD, hard drive etc. or received from a remote 
location, eg over the Internet. The instructions cause the 
computer system to begin analyZing each polygon in the 
hierarchical database. 

[0030] As shoWn at a block 104, the computer system ana 
lyZes the database starting With the cells at the loWest level of 
hierarchy. At a block 106, the computer identi?es and mea 
sures environmental information for each polygon edge in 
accordance With a set of prede?ned or user supplied rules that 
vary With the materials and processes that Will be used to 
make the device in question. The environmental information 
generally describes everything about the edge that effects its 
electrical properties including capacitance and resistance. 
Such information may include, but is not limited to, its length, 
the distance of an edge to neighboring edges, the area of the 
conductor associated With the edge, the layer in Which the 
edge is positioned in the circuit, Whether an element is par 
tially or fully shielded by another element and other factors 
knoWn to those skilled in the art of integrated circuit model 
ing. Measurements for each polygon edge are generally made 
to every other element With a de?ned interaction distance 
either vertically or horizontally Within the layout. The par 
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ticular interaction distance may be user de?ned or prede?ned 
in accordance With the type of device to be created. 

[003 1] In one implementation of the invention, each edge of 
a polygon is de?ned as one or more “patterns”, Wherein a 

pattern re?ects the edges interaction With other elements in 
the circuit layout. For example, if an edge has no interaction 
With any other devices in the layout, the pattern correspond 
ing to the edge Would simply indicate the edge’s length, area, 
thickness, etc. If an edge Was partially adjacent another edge 
on the same layer of the circuit, the edge might be broken into 
tWo patterns; one that re?ects the portion of the edge that 
interacts With the adjacent edge and one that does not. A 
single pattern may re?ect more than one interaction of a 
portion of an edge. Taken together, all the patterns associated 
With an edge de?ne the edge’s interactions With its surround 
ings in the circuit layout. 
[0032] In one implementation of the invention, the environ 
mental measurement information is stored in another hierar 
chical pattern/parameter database that mimics the hierarchi 
cal polygon database as indicated by block 110. The stored 
environmental measurements are referred to as “parameters.” 

FIG. 5A shoWs tWo parameters that are created and assigned 
to a pair of patterns Within a cell. All nearbody parameters are 
given a unique code that relate it to the pair of patterns and is 
then stored in the pattern/parameter database at block 108. 

[0033] In one embodiment of the invention, interactions of 
an edge With other elements are measured tWo layers at a time. 
For example, if a circuit layout has ?ve layers that are repre 
sented in the database as the red, orange, yelloW, green and 
blue layers, an edge in the orange layer is measured separately 
against edges in each of the other four layers (including edges 
in its oWn orange layer). Each measurement forms a separate 
parameter that is associated With a pattern for the edge. By 
only analyZing tWo layers at a time unnecessary ?attening of 
the database is avoided. 

[0034] Once all the intracell measurements have been made 
for the circuit elements Within a cell, the computer system 
determines if an edge interacts With edges that are de?ned in 
one or more of its parent’s or sibling’s cells. These interac 
tions can generally occur in tWo Ways. First an edge of a 
polygon may be close enough to the boundary of a cell such 
that When the cell is placed in the layout, the edges of adjacent 
cells may interact. Alternatively, a placement of a cell may 
have a circuit element routed over or under the elements of the 
cell in another layer that Will cause an interaction. 

[0035] To account for these situations, the hierarchical geo 
metric database is analyZed for any polygon edges Within a 
cell that are Within an interaction distance of any geometries 
de?ned outside the cell as indicated by block 112. If there are 
any such polygon edges, copies of the edges are placed in all 
the parent cells at a block 114 and measured as necessary for 
parameter generation at a block 120 described beloW. 

[0036] At a block 116, the computer system analyZes the 
hierarchical geometric database for any polygon edges Within 
a cell that overlap any geometries outside the cell. If there are 
any such polygon edges, copies of the polygon edges are 
placed in all the parent cells at a block 118 and analyZed as 
necessary for pattern generation at a block 120. 

[0037] At a block 120, measurements of the polygon edges 
are made Within the cell as necessary for parameter genera 
tion. Overlaps of polygons Within a cell are analyZed as nec 
essary for pattern generation. For each geometry layer, pat 
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terns and parameters are promoted to the highest level of 
hierarchy Where an overlapping pattern or parameter in that 
layer occurs. 
[0038] As shoWn in FIG. 2, one placement of cell Q has a 
polygon A that interacts With polygon D. Pattern AB Will be 
generated in cell Q. Pattern AD Will be generated in cell P. The 
overlap of AD With AB causes AB to be promoted into cell P. 
Because not every placement of cell Q interacts With the 
polygon D, the individual placements have to be separately 
identi?ed. Therefore, each placement is given a unique iden 
ti?er in the database. 

[0039] In the example shoWn, the parameter AB(6) that 
re?ects the distance betWeen circuit elementA and the circuit 
element B in level Q of the database is re-identi?ed such as 
AB(12), AB(15) andAB(18) to re?ect the three placements of 
cell Q. Only the pattern AD Will affect the capacitance calcu 
lations for parameter AB(12) because it corresponds to the 
placement of circuit element A that interacts With the polygon 
D. Transform tables exist to maintain the correspondence 
betWeen associated parameters in the pattern/ parameter data 
base at different levels of hierarchy. 
[0040] Once all the promotions have been made, and envi 
ronmental information evaluated and stored as parameters 
and patterns, the pattern/parameter database is analyZed to 
calculate the capacitance and resistance effects to model the 
electrical behavior of the proposed circuit layout. 
[0041] As shoWn in FIG. 4C, beginning at a block 150, each 
level of hierarchy in the pattern/parameter database is ana 
lyZed preferably starting at the loWest hierarchy level. At a 
block 152, capacitors are de?ned for each pattern in the level. 
If a pattern has parameters associated With it, then all the 
parameters are given to a capacitance calculating subroutine 
to compute the appropriate capacitor value. In addition, such 
capacitance calculations may take into consideration the 
shielding betWeen elements in the layout. For example, even 
though three circuit elements may be Within an interaction 
distance of each other, one may partially or fully shield the 
other such that the proximity of the shielded element does not 
affect capacitance. Such routines are considered to be knoWn 
to those of ordinary skill in the integrated circuit modeling art. 
[0042] In one implementation of the invention, the capaci 
tor information is stored in a capacitor database associated 
With the level. HoWever, such information could be stored 
elseWhere in the computer. FIG. 5C illustrates a capacitor 
created from the parameter BA(6) in the level Q of the pattern/ 
parameter database. The capacitor is preferably assigned the 
same identi?er as its corresponding parameter. At a block 
154, the computer system analyZes the polygon database to 
determine the resistance of the polygon in the level. In one 
embodiment of the invention, the Goalie II algorithm is used 
to determine the resistance of the polygons corresponding to 
the patterns. HoWever, other knoWn resistance calculation 
algorithms could also be used. At a block 156, a circuit rep 
resentation such as graph or subgraph is created from the 
resistance computed. In general, each polygon Will de?ne a 
graph of n resistors and n+1 nodes. 
[0043] At a block 158, a leg of the capacitor associated With 
the pattern is assigned to a node of the graph. The graphs 
created may be de?ned to have a node for each pattern de?ned 
for an edge such that each capacitor can be connected at one 
end to the node corresponding to its associated pattern. Alter 
natively, the graph can be created having an arbitrary number 
of nodes and the capacitors are assigned to a particular node 
such as the closest node. FIG. 5D illustrates a graph 312 
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created from polygon B. The graph has a node GB1 in its 
center and a leg of the capacitor CB(6) node is identi?ed as 
being connected to the node in the capacitor database. 

[0044] At a block 170, the capacitor database (CDB) asso 
ciated With the level of the pattern/parameter database is 
searched for capacitors having tWo knoWn nodes. If such 
capacitors are found, they can be removed from the capacitor 
database. At a block 172, the capacitors and graphs having 
only one knoWn node are promoted to the levels of hierarchy 
that reference them in the pattern/parameter database. At a 
block 174, capacitors are de?ned in a capacitor database for 
each instance of the promoted capacitor and graph in addition 
to the capacitors that are de?ned for each pattern in the level 
that has a parameter. The capacitors and nodes are assigned a 
unique number according to a transform table in the same 
manner as the promoted patterns and parameters as discussed 
above. FIG. 5E illustrates three promoted graphs 314, 316, 
318 created in level P that are renumbered in accordance With 
the transform tables of level P. In addition, three neW capaci 
tors are created, one for each instance of the promoted capaci 
tor from cell Q. As the capacitors are added to the capacitor 
database, a check is made to see if there is already a capacitor 
de?ned for the pattern. If so, the values of both capacitors are 
averaged. In the example shoWn in FIG. 5E, the capacitor 
database includes a capacitor CB(12) that Was promoted from 
the level associated With cell Q. A neW capacitor 325 is 
de?ned for cell P that corresponds to the pattern that Was 
promoted to level P. HoWever, because one instance of the 
promoted pattern interacts With polygon D, the value of 
capacitor 325 Will likely differ from that of capacitor CB(12) 
so the results are averaged. Those capacitors created for the 
instances of the promoted pattern that do not interact, i.e. 
CB(15) and CB(18), Will have the same value as the capaci 
tors created loWer in the hierarchy, so the average Will be the 
same as the value of the capacitor computed in level Q. 

[0045] With the capacitor database, a capacitor is stored at 
the loWest level of hierarchy and can represent many capaci 
tors in the ?attened circuit. In addition, Where an interaction 
occurs betWeen a capacitor extracted at a loWer level of the 
hierarchy With a parent, such that the value of the capacitor is 
affected, the capacitor database accounts for these affects in a 
hierarchical manner. 

[0046] Although the capacitors are averaged in one imple 
mentation of the invention, it Will be appreciated that other 
techniques such as proportional Weighting, statistical Weight 
ing or other techniques could be used to adjust the value of the 
capacitors created from edges that interact With polygons on 
other levels. 

[0047] As Will be appreciated, the effect of computing the 
electrical interactions betWeen tWo circuit elements in either 
direction and averaging or otherWise combining the results 
for edges (patterns) that interact With elements in another cell 
of the hierarchy is to break a cycle that requires that every 
circuit element be promoted to its topmost level of hierarchy 
before an electrical interaction can be computed. 

[0048] In the example shoWn, it is possible to compute a 
near body capacitance betWeen circuit elements A and B in 
level Q of the database Without having to promote every 
instance of element B into level P just because one instance of 
element A happens to interact With a circuit element in 
another level. Therefore all the measurement operations com 
pleted in level Q of the database can be performed one time 
and reused. 
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[0049] Returning to FIG. 4D at a block 176, it is determined 
Whether all levels in the pattern/parameter database have been 
analyZed. If not, processing proceeds to block 178 and the 
next level in the pattern/parameter database is analyZed by 
returning to block 152 as shoWn in FIG. 4C. Once all levels in 
the pattern/ parameter database have been analyZed, process 
ing proceeds to the series of acts shoWn in FIG. 4E to add the 
intrinsic plate capacitances. 
[0050] Beginning at a block 200, the loWest level of hier 
archy in the pattern/parameter database is analyZed. At a 
block 202, for each pattern, the area of overlap With the 
substrate is determined. At a block 204, a capacitor is de?ned 
With one leg attached to a node of the graph associated With 
the pattern and another leg attached to the substrate. For each 
side of the polygon, a fringe capacitor is de?ned and con 
nected to a substrate or intervening pattern. 

[0051] At a block 208, it is determined if all patterns in the 
level have been analyZed. If not, processing returns to block 
202. Once all patterns in the level have been analyZed, pro 
cessing proceeds to a block 210 Wherein it is determined if all 
levels in the pattern/ parameter database have been analyZed. 
If not, processing analyZes the next level at a step 212 by 
returning to the steps indicated at block 202. 

[0052] Once the acts in FIG. 4E have been completed, the 
intrinsic, cross over and near body capacitances have been 
accounted for and arranged into circuit representations such 
as graphs Within the computer. The computer then ?attens the 
database by using the graphs from each cell to build a netWork 
that can be analyZed by a circuit analysis program such as 
Mentor Graphics’ MACH/TATM. By computing graphs for 
repeated patterns of elements, such graphs can be re-used at 
each placement of the repeated cell Without having to re 
extract parasitic electrical information. 
[0053] In the example shoWn in FIGS. 5A-5E, the capaci 
tance betWeen circuit elements A and B is computed in tWo 
Ways. The capacitance from B to A is computed taking ele 
ment B’s environmental information only. The capacitance 
from A to B is calculated taking into consideration element 
A’s environmental information as measured in cell Q plus 
element A’s environmental information due to its last inter 
action With circuit elements in a parent cell. The results of the 
tWo-capacitor calculations are then combined by averaging or 
the like. 

[0054] In another implementation of the invention, the 
environmental information for a ?rst circuit element that 
interacts With a second circuit element is also promoted to a 
higher hierarchy level. It is relatively easy to promote the 
environmental information if its measurement is made in a 
loWer level so that the measurements do not need to be 
repeated for each placement of a cell. With the environmental 
information from both sides of a capacitor at the higher level 
of the hierarchy, a more accurate estimate of the capacitor 
value may be made. 

[0055] In some instances it may be advantageous to ?atten 
a portion of a layout to compute capacitances and resistances. 
FIG. 6 illustrates an integrated circuit layout 400 that is 
de?ned by a database describing each circuit element to be 
created. In this embodiment, the layout is divided into tWo or 
more tiles 400A-400I that describe a portion of the layout. 
Each tile can be processed sequentially by the same computer 
or the layout can be divided into a number of sub?les that are 
given to separate computers for parallel processing. Tiles are 
typically uniform rectangles, but can be other shapes such as 






